The Gram-negative 
Introduction
Salmonella are facultative intracellular Gram-negative bacteria that are found ubiquitously in nature. The principal clinical manifestations associated with Salmonella infection in humans are enteric fever (typhoid and paratyphoid) and a self-limiting gastroenteritis (salmonellosis). S. typhi and S. paratyphi, two human specific pathogens, cause enteric fever. There are over 16 million cases of typhoid fever reported annually world-wide and 600 000 cases of mortality associated with untreated infection. 1 Important mononuclear infiltration and hypertrophy of the reticuloendothelial system (RES) including spleen, lymph nodes, and Peyer's patches characterize enteric fever. In contrast, non-typhoidal Salmonella infections have a broad host spectrum. Recently, an increased incidence of both isolated cases and outbreaks of Salmonella gastroenteritis have been reported: the estimated number of cases of salmonellosis is 1.4 million yearly in the United States alone. 1 Over 2000 serotypes of Salmonella have been described so far, but the most common ones causing gastroenteritis in humans are S. typhimurium and S. enteritidis.
Salmonella infections are usually incurred by ingestion of contaminated food and water. Once in the intestine, the bacteria adhere to specialized epithelial cells (M cells) and enter them through a mechanism known as bacterialmediated endocytosis. 2 After invasion and destruction of M cells, Salmonella enter submucosal macrophages by macropinocytosis and activate virulence mechanisms that allow evasion of macrophage antimicrobial activity, essential for intracellular survival and replication of Salmonella. The bacteria are then disseminated within the host by trans-migration of infected phagocytes to other organs of the RES via the lymphatic and blood vessels. 3 In parallel, the host innate system through specialized pattern recognition receptors (PRPs) detect conserved motifs (pathogen-associated molecular patterns or PAMPs) of Gram-negative bacteria such as lipopolysaccharide (LPS) and flagellin. 4, 5 Recognition of these PAMPs by the host triggers an innate immune inflammatory response aimed at the elimination of the pathogen. In some circumstances, Salmonella are able to elude the host innate immune defense mechanisms and persist in the host, leading either to disease or a chronic carrier state.
Salmonella infections of classical laboratory mouse strains have been used successfully to study complex interactions between host and pathogen. In contrast to human clinical manifestations of disease, S. typhimurium infection in the mouse causes a systemic disease resembling typhoid fever. 6 Identification of host defense genes during the course of Salmonella infection in the mouse have used different approaches including generation of congenic mouse strains, 7, 8 positional cloning of spontaneous mouse mutations associated with susceptibility to Salmonella infection, [9] [10] [11] [12] [13] [14] targeted disruption of candidate genes (reviewed in Lengeling et al 15 ) and QTL mapping. 16 Among the genes involved in early-phase defense mechanisms during Salmonella infection, natural resistance associated macrophage protein 1 (Nramp1) is probably one of the best characterized. This gene is involved in the control of the exponential growth of the bacteria in reticuloendothelial organs during the early phase of infection. 9, 14, 17 Nramp1 is part of an ancient family of proteins with highly conserved members in mammals, birds, invertebrates, plants, fungi and even bacteria. [18] [19] [20] [21] [22] [23] [24] [25] [26] Nramp1 is an integral membrane phosphoglycoprotein located in the late endosome/lysosome compartment of resting macrophages and is recruited to the phagosomal membrane during phagosome maturation 27 that encodes for a divalent-cation transporter. 28 Several additional loci have been found to exert some control during the late phase of infection through their effects on the acquired immune responses. The major histocompatibility complex of the mouse (MHC, also named H2) plays an important role in late-phase susceptibility to infection with Salmonella. 7 8 The requirement of T-lymphocytes for effective clearance of Salmonella was shown in another series of experiments using spontaneous and targeted mouse mutants. Studies in athymic nude (Hfh11 nu for hepatocyte nuclear factor-3/forkhead homologue 11) mice and in acute depletion models have shown that both CD4 + and CD8 + T-lymphocyte subsets play a role in acquired resistance to Salmonella infections. 12, 29, 30 Furthermore, targeted disruption of CD28, a member of the immunoglobulin gene superfamily and a co-stimulatory molecule required for the activation of naïve T cells, emphasizes the role of T cells in recovery from infection. Mice carrying a null allele at CD28 are susceptible to infection with S. typhimurium and die late during the course of infection. 31 The humoral response is also involved in the clearance of Salmonella as shown by studies performed with the mouse mutant Btk (Bruton's tyrosine kinase or xid for X-linked immunodeficiency). These mice present a defect in peripheral B-cell activation that
Genes and Immunity results in deficient antibody production and the inability to eliminate Salmonella infection. 10, 11 Our previous genetic analyses using mouse infection with a highly virulent S. typhimurium serotype have demonstrated the complexity of the innate immune host response to infection and its polygenic nature. 16 To study the contribution of genetic factors contributing to the latephase host response to Salmonella infection in inbred mice, we have developed a chronic model of infection using the less virulent serotype, S. enteritidis. In the present study, we have carried out a genome-wide scan and a QTL analysis in 302 (C56BL/6J × 129sv) F2 hybrids to localize the genes responsible for the resolution of S. enteritidis infection in C57BL/6J mice.
Results

Model of chronic infection
This model was developed to study the contribution of genetic factors to the susceptibility of inbred mice during the late-phase of Gram-negative infection. We tested several strains of S. enteritidis (strains 3b, AW-2, 27036-2II and 27036-2I, a generous gift of Dr William Kay, University of Victoria, Victoria, Canada), which were of unknown virulence in C57BL/6J and 129sv mice. We quantified the kinetics of mortality following a single intravenous injection of 10 3 , 10 4 , 10 5 or 10 6 Salmonella CFUs (data not shown). No mortality was observed in the groups of mice given 10 3 CFUs with all S. enteritidis strains tested. In general, with higher dosage the C57BL/6J mice died sooner and survived in lower percentages compared to similarly injected 129sv mice.
S. enteritidis strain 3b was selected and used in subsequent experiments. Groups of five C57BL/6J and 129sv mice were infected with 10 3 Salmonella CFUs and sacrificed at different time points (days 1, 3, 7, 21, 28 and 42) after inoculation. Bacterial loads were measured in the spleen. CFU levels increased steadily from day 1 until day 7 in both mouse strains (Figure 1 ). C57BL/6J mice carry a mutant non-functional allele at Nramp1 (Nramp1
Asp169
) while 129sv mice possess a wild-type allele (Nramp1
Gly169
). In this early phase of infection, the effect of Nramp1 was small although significant (P = 0.004). The early Nramp1-regulated differences in bacterial growth were not as dramatic as those observed with the more virulent S. typhimurium since all mice presenting an Nramp1 s genotype survived infection. After this early phase of infection, the kinetics of infection were completely different between C57BL/6J and 129sv mice. In C57BL/6J, the CFU counts declined sharply by day 21 and reached almost undetectable levels by day 42 ( Figure 1 ). In 129sv, the CFU counts declined slowly and the animals were not able to clear the infection even by day 42 (about 10 3 CFUs were still detectable in the spleen). To identify loci, other than MHC-linked genes, that affect the late phase of S. enteritidis infection, comparisons were further made between C57BL/6J (resistant) and 129sv (susceptible) mice that are known to share the same MHC haplotype.
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Segregation analysis
To determine whether simple Mendelian or complex inheritance controlled the phenotype of bacterial clearance, we performed breeding experiments between the C57BL/6J and 129sv mouse strains that presented the extreme phenotype in our model. Reciprocal F1 and F2 crosses were made between C57BL/6J and 129sv mice to determine the mode of inheritance of S. enteritidis bacterial clearance. C57BL/6J, 129sv, F1 and F2 mice were infected with 10 3 S. enteritidis IV and CFUs were measured in the spleen 42 days after infection. (C57BL/6J × 129sv) F1 and (129sv × C57BL/6J) F1 mice had similar LOG CFU per gram of spleen counts (3.1 ± 0.1 and 3.2 ± 0.1, respectively). These values were intermediary between that of the C57BL/6J (2.0 ± 0.2) and 129sv mice (3.7 ± 0.1) (Figure 2a ). In the (C57BL/6J × 129sv) F2 population, we observed a continuous distribution of the phenotype, indicating the presence of a complex trait (Figure 2b ). Interestingly, we detected a small although significant difference (P = 0.0001) of spleen CFUs between males and females in the F2 population ( Figure 3 ). The females presented spleen CFU levels lower than that observed in males (2.9 ± 0.1 vs 3.2 ± 0.1 LOG CFUs per gram of spleen). These differences were not observed in F1 progeny or in the parental C57BL/6J and 129sv strains.
Linkage analysis
We have used a genome scan approach to localize the gene(s) responsible for the susceptibility of 129sv mice to infection with S. enteritidis. Initially, 93 mice having the most extreme CFU spleen counts were chosen for genotyping with approximately 80 markers distributed at an average of 20 cM across the genome. The number of mice selected, which represents about the third of our F2 panel, was based on our capacity of genotyping using 96 titer plates. Males and females were equally represented in this selection. This initial one locus analysis identified three genomic intervals with either significant or suggestive linkages based on the standards proposed by Lander and Kruglyak 33 for intercross data with an unconstrained genetic model. QTLs linked to Salmonella-clearance were located on chromosomes 1, 7 and 15. To determine more accurately the effect of these QTLs on the quantitative phenotype, the remaining F2 progeny and additional simple sequence length polymorphism (SSLP) markers were typed in these linked regions ( Table 1 ). The strongest QTL, designated Ses1 (S. enteritidis susceptibility locus 1), was located on chromosome 1 near D1Mcg5 (position 48.7 cM from the centromere) with a highly significant peak LOD score of 9.9 (P Ͻ 1.4 × 10 −11 ) (Figure 4a ). The QTL region spans 23.1 cM and explains 14% of the phenotypic variance ( Table 2) . Clearance of the bacterial load by day 42 was linked to homozygozity for the C57BL/6J-derived genomic interval.
Two additional QTLs of smaller effect were detected on chromosome 7 (Ses2 at D7Mit62) and 15 (Ses3 at D15Mit29) with LOD scores of 4 and 3.2, respectively (Figure 4b,c) . The QTL on chromosome 7 was located at position 33.3 cM in a region of 29.1 cM, while the QTL on chromosome 15 was located at 38.8 cM in a chromosomal region of 20.6 cM. Ses2 explained 6% of the genetic variance and Ses3, 4% (Table 2 ). In these cases also, the C57BL/6J allele is protective and contributes in a recess- 33, 9, 36, 25 D7Mit76, 83, 62, 31, 323, 38, 237, 44, 189 D8Mit3, 41, 56 D9Mit218, 25, 306, 37 D10Mit80, 38, 42, 10, 205 D11Mit77, 20, 5, 4, 124, 61 D12Mit182, 49, 12, 59, 46, 60, 14, Nds2 D13Mit236, 139, 147, 30, 36, 151 D14Mit11, 52, 30 D15Mit12, 26, 46, 47, 29, 42, 242, 159, 35 D16Mit81, 4, 47, 71 D17Mit46, 179, 93, 123 D18Mit19, 55, 33, 25 D19Mit78, 10, 6 DXMit 36, 62, 186 Genes and Immunity Figure 4 LOD (logarithm of odds ratio) scores plots for genetic positions along the chromosomes for which a minimum LOD of 3.0 was estimated for a QTL using MapManager QTX. LOD score plots are given for chromosomes 1 (a), 7 (b) and 15 (c). The map positions of the microsatellite markers are indicated to scale. The physical order of the markers located around the marker with the peak LOD score (D1Mcg5*) is D1Mcg2, D1Mcg3, D1Mcg5, D1Mcg7, D1Mit46 and D1Mit134. 60 ive model of transmission. We tested for the presence of interaction among Ses1-Ses3 loci by examining all pairwise combinations. There was significant evidence detected for interactions between Ses1 and Ses2 (P = 1.1 × 10 −4 ) ( Table 3 and Figure 5 ). Lower CFU counts were detected in females compared with males in the F2 population. We stratified the F2 population by female (n = 151) or male (n = 151) and reevaluated the genome scan data for QTLs linked to bacterial clearance. For Ses1, the LOD score was much higher in female F2 (LOD score of 7.7, with 20% of the variance explained) compared with male F2 progeny (LOD score of 4.3, 11% of the variance explained) ( Figure 6 ). The two QTLs, Ses2 and Ses3, were also detected only in females. The sex effects were confirmed using ANOVA (P Ͻ 1 × 10 −5 ) ( Table 3) . Taken together these results suggested the QTL regulating bacterial clearance in our model of infection have sex-dependent effects: the bacterial clearance effects of Ses1-Ses3 were greater in females.
To confirm our initial findings, composite interval mapping, marker regression and permutation analyses were performed on Ses1-Ses3 under a recessive model of inheritance for the C57BL/6J allele. Ses1 and Ses2 were found to be significantly linked to the disease phenotype (P Ͻ 1 × 10 −5 ), whereas Ses3 was found to be highly suggestive (P = 4.6 × 10 −4 ) ( Table 3) . These analyses yield a model with three loci and one statistical interaction. With the information gathered from the initial analysis about the mode of inheritance of the trait, a final model including sex as a covariate was proposed and explained 32% of the phenotypic variance of the disease phenotype.
Contribution of Nramp1 to bacterial clearance
We have analyzed the candidacy of Nramp1 as the gene underlying the Ses1 QTL because of its map position (Nramp1 is located approximately 5 kb from D1Mcg5) and the presence of a Nramp1 functional polymorphism in C57BL/6J (Nramp1
Asp169
) and 129sv mice (Nramp1
Gly169
). The Nramp1
Asp169 allele is a null allele that has been unambiguously linked to innate susceptibility to infection with S. typhimurium. 34 However, there are some controversial issues concerning the influence of Nramp1 during the late phase of infection and on T-helper subset responses. 35, 36 We have evaluated the possible contribution of Nramp1 to the phenotype of bacterial clearance in the C57BL/6J and 129sv model of infection using mice that carry a null allele at Nramp1 (Nramp1 tm1Mcg ). 35 We took advantage of the fact that the original Nramp1 tm1Mcg mutation was generated on a 129sv background.
34 C57BL/6J, 129sv and 129sv-Nramp1 tm1Mcg mice were inoculated with 10 3 CFUs of S. enteritidis and the numbers of bacteria in the spleen were determined 42 days post infection in duplicate experiments. We found that 129sv-Nramp1 tm1Mcg mice had lower LOG CFUs count (3.1 ± 0.1) than 129sv mice (3.7 ± 0.1) (Figure 7) . These results are statistically significant (P Ͻ 0.001) and comparable with results obtained into the F2 population, suggesting the involvement of Nramp1 in bacterial clearance during the late-phase of infection.
Discussion
The laboratory mouse is well known to have a broad range of host susceptibility to human pathogens. 15 Early work with classical inbred strains of mice has shown differential host response to infection with Salmonella 37 and mouse models of Salmonella infection have contributed substantially to our understanding of host-pathogen interactions.
The phenomenon of resistance/ susceptibility to infection with S. typhimurium was shown
Genes and Immunity to have a genetic basis using specifically designed mouse crosses. Several host resistance genes/loci have been described that exert some control over the early and late phases of S. typhimurium infection. 38 Recent work in our laboratory has shown that the genetic basis of resistance/susceptibility to infection with S. typhimurium in the wild-derived mouse, MOLF/Ei, is controlled by the effect of multiple susceptibility loci, which are different than the well described innate immune genes, Nramp1 and Tlr4. 16 In the present paper, we report the development of a novel model of infection based on the use of a Salmonella strain of low virulence in mice that can persist in the RES of 129sv for a prolonged period of time. We mapped QTLs that are linked to differential bacterial clearance (measured as bacterial load in the spleen) of C57BL/6J and 129sv mice following infection with S. enteritidis. Using a genome scan approach, we identified the position of three dominant (Ses1, Ses2, and Ses3) loci that are associated with disease susceptibility in 129sv.
We tested for interactions between susceptibility loci and detected significant interactions between Ses1 and Ses2. Ses2 by itself has a marginal effect on the phenotype; C57BL/6J homozygozity results in a two-fold decrease in spleen CFU counts, whereas homozygosity for C57BL/6J alleles at Ses1 results in a three-fold decrease in spleen CFUs. Together these two loci have a more pronounced effect on the lowering of the bacterial load: F2 mice doubly homozygous for the C57BL/6J alleles at Ses1 and Ses2 have a 15-fold reduction of spleen bacterial load compared with F2 mice carrying 129sv alleles at these two loci.
In our F2 mouse population, bacterial clearance following infection with S. enteritidis is influenced by the sex of the animal. Lower CFU counts were detected in females compared to males in the F2 population, and the bacterial clearance effects of Ses1, Ses2 and Ses3 were greater in females. Overall, the genetic component of bacterial clearance was stronger in females than in males. The presence of unique QTLs in females (Ses2 and Ses3) controlling the host response to infection and the fact that no sex chro-mosome locus has been identified by our study suggest that these QTLs are responsive to sex hormone. Sexual dimorphism in the host response to infectious diseases has been reported previously. 39 In general, the host immune response to infection is more robust in females and this is attributed in part to the immunostimulatory effects (promotion of TH1 response) of estrogen. Female mice injected with Bacille Calmette Guerin (BCG) showed higher serum interferon gamma (IFN-␥) levels than males 40 and lipopolysaccharide administration produced higher levels of plasma interleukin-1 (IL-1) and IL-6 in female vs male mice. 41 Female mice are then more likely to develop a Th1 response, and in systems where Th1 responses are beneficial, such as resistance to various viruses, malaria or Salmonella infection, female mice are more resistant to disease.
We then proposed a model with three loci, interaction between two of them (Ses1 and Ses2) and included sex as a covariate. Using this model, Ses1, Ses2 and Ses3 account for 32% of the phenotypic variance of bacterial clearance following challenge with S. enteritidis. It is clear from this analysis that the action of additional unidentified loci contributes to the expression of the phenotype of bacterial clearance in our model of infection; however, they were not detected with the experimental design we used. A genome-wide epistatic interaction analysis of our segregating F2 population may be necessary to reveal alleles that had relatively little effect on the phenotype individually but produce a significant effect when combined. 42 All together, these results underscore the genetic complexity of host resistance to S. enteritidis.
The locus mapped on chromosome 1 is located within a region where Salmonella resistance loci have been reported. The peak resistance association in the genome scan was with a marker, D1Mcg5, located 5 kb from Nramp1. Analysis of Nramp1 knockout mice suggests strongly that Nramp1 is indeed the gene underlying Ses1 although the possibility of a second gene located in the region containing Ses1 remains possible. Genetic analyses in mice and humans have established a key role for Nramp1 in resistance to infection with intracellular pathogens, including several species of Mycobacteria, Leishmania donovani and Salmonella, and macrophage antimicrobial functions. 43 Our genetic analysis has shown that host resistance to S. enteritidis appears also to be influenced by Nramp1 in the early phase of infection (between day 1 and day 5). A 129sv wild-type allele at Nramp1 (Nramp1 Gly169 ) is more effective in lowering bacterial counts in the spleen than a non-functional C57BL/6J allele (Nramp1 Asp169 ). To our surprise, Nramp1 appears to have a role during the late phase of infection with S. enteritidis. Mice carrying the C57BL/6J mutant allele at Nramp1 have a greater capacity to clear bacterial load from the RES. In addition to its specific role as a cation transporter, 28 Nramp1 has been associated with regulation of macrophage activation as measured by production of nitric oxide, IL-1, INF-␥ and MHC class II expression 44 and Th1/Th2 differentiation. 45 Macrophages from Nramp1
Asp169 mice expressed significantly lower levels of MHC class II surface protein I-Ab mRNA when compared with Nramp1
Gly169 macrophages after treatment with IFN-␥ and BCG in vitro. 44 MHC class II genes have been clearly involved with the development of acquired immunity and the subsequent elimination of Salmonella. 7, 8 However in our model, Nramp1
Gly169 regulated MHC expression does not improve the capacity of 129sv mice to eliminate S. enteritidis. In fact, the presence of Nramp1 Gly169 allele is detrimental and mice carrying the non-functional allele eliminate the bacteria more efficiently from their RES. The mechanisms by which Nramp1 influences susceptibility during the late phase of S. enteritidis infection remain to be elucidated but may involve the interaction of Salmonella with host cells. Maturation of Salmonella-containing vacuoles has been attributed to the recruitment or the exclusion of host proteins known to regulate activity along the endocytic/phagocytic pathway. 46 Cytokines such as INF-␥ have a key role in the control of vacuole biogenesis by modulating the expression of genes involved in membrane fusion. Nramp1 expression has been reported to be modulated by IFN-␥ 47 and Nramp1 is recruited to the membrane of phagosomes after internalization of live bacteria, where it remains associated during maturation to phagolysosomes. 27, 48 In humans, a dual role for Nramp1 has been also reported in acute and chronic infection with the intracellular pathogen Mycobacterium leprae. 49, 50 Ses2 overlaps the cytokine IL-16, which has a strong chemoattractant activity on CD4 + cells. IL-16 is also known to activate the expression and production of proinflammatory cytokines including IL-1, IL-6, IL-15 and TNF-␣ by human monocytes. 51 The weaker QTL, Ses3 also contains several genes that may play a pivotal role in protective immune responses during Salmonella infection. Ses3 overlaps the genes encoding for IL-2 receptor beta chain (Il2rb) and lymphocyte antigen 6 complex locus D (Ly6). Il2rb is part of the multisubunit IL-2 and IL-15 receptors. Il2rb is essential for IL-2 and IL-15 signaling through the JAK-STAT pathway. Signaling through the IL-2 receptor has a role in early T cell activation. 52 Il-15 is produced by several cell types including macrophages in response to LPS and infectious agents and has the capacity to promote phagocytosis (by inducing cytoskeletal rearrangements), chemokine production by neutrophils, and the growth and differentiation of T and B lymphocytes, macrophages and natural killer cells. 53, 54 Ly6d is part of a gene complex on chromosome 15 involved in cellular interactions and T cell activation. 55 The results obtained in this study have identified Nramp1 and two additional loci affecting the development of acquired immunity during infection with S. enteritis. Additional efforts will be placed on fine mapping of these QTLs and subsequent identification of the underlying genes. In addition to a better understanding of host pathogen interactions, the identification and characterization of genes involved in the development of a successful acquired immune response to Salmonella infection may have significant implications for understanding the host response to vaccination with or against an intracellular pathogen.
Materials and methods
Salmonella infection
S. enteritidis strain 3b was obtained from Dr William Kay (University of Victoria). Preparation of stock bacteria and inoculums were as described by us previously. 16 Inbred mouse strains 129sv and C57BL/6J were initially obtained from Taconic (Germantown, NY, USA) and The Jackson Laboratories (Bar Harbor, ME, USA), respectively, and subsequently bred and maintained in our animal facilities under conditions specified by the Canadian Council on Animal Care. For infection kinetics, mice were challenged with a sublethal inoculum (10 3 CFU) of S. enteritidis in the caudal vein. Mice from each strain were weighted and sacrificed by CO 2 asphyxiation at 1, 3, 7, 21, 28 and 42 days post-infection. The spleens were aseptically removed, weighted and placed in 4 ml of saline solution and homogenized using a Brinkmann PT10135 homogenizer (Brinkmann Instruments Co., Mississauga, ON, Canada). Serial dilutions were made on trypticase soy agar plates and incubated at 37°C overnight. The CFU counts were recorded and analyzed.
Segregation analysis
Breeding experiments were performed between the C57BL/6J and 129sv mouse strains. (C57BL/6J × 129sv) F1, (129sv × C57BL/6J) F1 and 302 (C57BL/6J × 129sv) F2 mice were generated. The mice were inoculated between 8-12 weeks of age with 10 3 CFUs of S. enteritidis strain 3b IV as described in the previous section. At 42 days post-infection, the mice were sacrificed by CO 2 asphyxiation, and the CFU counts in their spleens and livers were recorded as described in the previous section.
Genotype analysis
Genotypes for the SSLPs were determined using radioactive PCR with Microsatellite MIT markers (Research Genetics, Hunstville, AL, USA). PCR amplifications and visualization of the results were performed as described by us earlier. 16 Initially 46 F2 mice (23 females and 23 males) with the lowest bacterial count and 47 F2 progeny (23 females and 24 males) with the highest bacterial count were selected for the genome scan using 80 informative DNA markers covering the whole genome at approximately 20-cM intervals. Subsequently, chromosomal regions in which several markers yielded a LOD score greater than 2.8 were analyzed in all 302 F2 progeny using 37 additional microsatellite markers.
Infections of Nramp1 knock out mice
Nramp1
−/− mice on a 129sv background 34 were obtained from Dr Philippe Gros (McGill University, Quebec, Canada). Groups of 10 C57BL/6J, 129sv and 129sv Nramp1 knock out mice (including an equal number of males and females) aged 8-10 weeks were infected with 10 3 CFUs of S. enteritidis. Bacterial counts were performed at 42 days post-infection as described before.
Statistical analysis
The LOG of the number of CFU per gram of spleen was analyzed as a quantitative trait. A preliminary analysis was performed with Map Manager QTX13, 56 Mapmaker/EXP 3.0 and Mapmaker/QTL 1.1. 57 Initially, the analysis was performed on the 93 extreme discordant (C57BL/6J × 129sv) F2 mice infected with S. enteritidis. Then, the remaining F2 progeny were genotyped for markers in regions of interest where marginal effects seemed to be detected, and the data were re-analyzed with QTL Cartographer. 58, 59 In order to meet the standards proposed by Lander and Kruglyak 33 for intercross data with a constrained genetic model of a P-value of 0.0001 to indicate support for linkage, the marker regression analysis was carried out on 450 000 permutations with the statistics program R v1.3.0.
